Abstract-The water diffusivity of occluded human stratum corneum (SC) is estimated by standard terahertz reflection spectroscopy and a SC swelling diffusion model. We find that the water diffusivity in occluded skin is higher than that in steady state at the onset of occlusion. This method is potentially useful for noninvasive diagnosis of human skin conditions.
I. INTRODUCTION
CCLUSION tests of human skin are essential techniques that help study the mechanisms of the permeability, penetration, and barrier functions of human skin. Such tests could also be a powerful tool in monitoring skin health as they can discriminate healthy skin and different types of damaged skin. Skin occlusion also helps speed up healing process of some kinds of damaged skin, it is particularly helpful for scar treatment because of the hydration effects it causes. Occlusion affects the amounts of RNA, DNA and collagen being synthesized in the skin and enhances the absorption of the majority of chemicals [1] .
The water distribution in skin can be described by Fick's law [2] , in which the water concentration in skin is a function of skin depth and time. In addition, SC swelling effects and the stratified media theory can be used together to verify the water diffusivity behavior under occlusion [3, 4] . The stratified media model is well suited for terahertz (THz) time-domain spectroscopy (THz-TDS) studies as the subtle change in the hydration level of each skin layer could be illustrated by the reflectivity information.
One essential parameter that determines the water motion in skin is the water diffusivity (D). Trans-epidermal water loss (TEWL) is an important variable in the human skin water diffusivity in vivo measurements [5] . Evaporimetry is frequently used to measure the TEWL of the skin, during the measurements the skin has to keep breathing. For steady-state i.e. non-occluded skin, diffusivity is denoted as either a constant, or as having a positive correlation with the skin hydration level. So far there have been no studies considering the change in water diffusivity upon occlusion, which is needed to study the transepidermal diffusion motion of water and molecules in skin. When skin is occluded, TEWL decreases to zero, and evaporimetry is not effective anymore. In this work, we show that THz-TDS is a suitable tool for non-invasively measuring diffusivity. In our method, by exploiting the sensitivity of THz light to water, we calculate the water diffusivity from the THz reflectivity rather than TEWL.
II. METHODS
We measure the water diffusivity in human skin (in vivo) during 20 minutes of occlusion using THz reflection spectroscopy. We assume two functions of water diffusivity in occluded skin, a constant, and a positive correlation to the difference in water concentration between the lower and upper surfaces of the SC, and substitute these into the diffusion equations and stratified media theory to compare calculated reflectivity with in vivo data.
The THz reflection spectroscopy system used in this work is previously detailed in reference [6] . In the measurement, the subject was asked to put the volar forearm on a piece of quartz window and keep still for 20 minutes. During this time the terahertz waveform reflected from the forearm was continuously recorded.
The reflectivity of the skin can be calculated by Equation (1) where is the impedance of the skin and is determined by the water distribution profile calculated by the diffusion equations Eqn (1) By using Eq. 1 and fitting it to in vivo reflectivity data under occlusion it is possible to extract the water diffusivity. The details are beyond the scope of this abstract.
III. RESULTS
The measured in vivo THz reflectivity spectrum is plotted for occlusion times up to 20 minutes (1200 s) in Fig. 1.   Fig.1 . The spectrum of calculated and measured reflectivity at different occlusion times. Dots are in vivo measured data, solid and dashed lines are data calculated assuming either a constant or a water concentration correlated diffusivity, respectively.
The in vivo results are compared to theoretical predictions using two proposed assumptions of D in Fig.1 In vivo estimation of the water diffusivity in occluded human skin using terahertz reflection spectroscopy O long times post occlusion onset (i.e. above 300s) but before 300s of occlusion the water concentration correlation assumption model provides the best fit of the data.
In Fig. 2 we show the THz reflectivity as a function of occlusion time for 0.3, 0.4 0.5 and 0.7 THz. The trend in reflectivity at each frequency is similar and the measured data lie closely to the two theoretical model results. As can be seen in Fig. 1 and Fig. 2 , the occlusion has the effect of reducing the THz reflectivity of the skin; this is most marked at the onset of occlusion. The diffusion models incorporating either the constant (solid lines) or the water concentration correlation (dashed lines) assumptions were calculated and compared to the experimental data. The calculated absolute value of D is higher than that in the steady state when occlusion is firstly applied to the skin, which may indicate that in the occlusion case there is no water going into the skin from outside so the resistance to water in the SC decreases. As occlusion time increases, the water concentration at two surfaces of the SC tends to be the same, D gradually decreases to under steady state range.
IV. SUMMARY
We have developed a new method to measure the water diffusivity in occluded human stratum corneum in vivo by using terahertz spectroscopy combined with stratified media theory and a SC swelling diffusion model. To our knowledge, it is the first time the water diffusivity in occluded human skin has been estimated in vivo. This method breaks the limitations of traditional approaches on water diffusivity measurement and it provides a novel way to observe percutaneous motion of water in vivo.
However, the proposed method needs further examination to extract water diffusivity accurately as it depends on the repeatability of THz measurements, fitting methods and parameters used in the model, such as the permittivity of dehydrated human skin.
In summary, the proposed method is expected to help study the mechanisms and assessment of human skin noninvasively, but we are still fine tuning the exact methodology.
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